Thirty-one rhizobial strains isolated from nodules of legumes native of Xinjiang, China, were characterized. These strains were classified as belonging to the genus Rhizobium based on amplified 16S rDNA restriction analysis (ARDRA). The strains were distinguished from recognized Rhizobium species using analysis of 16S-23S rDNA intergenic spacers (IGS-RFLP), SDS-PAGE analysis of whole proteins and BOX-PCR; the test strains always formed a distinct cluster with patterns that were quite different from those of the reference rhizobial strains used. According to the phylogenetic analysis based on the 16S rRNA gene, the test strains belonged to the genus Rhizobium, with Rhizobium tropici, Rhizobium rhizogenes and Rhizobium lusitanum as the closest related species, with 99.6, 99.2 and 99.4 % sequence similarities, respectively, between the type strains of the three Rhizobium species and strain CCBAU 83401
Rhizobia are soil bacteria that cause the formation of rootand/or stem-nodules on leguminous plants. Within the nodules, they reduce N 2 to ammonia, which can be used by the host plants. In the past two decades, the classification of rhizobia has developed rapidly due mainly to the application of a polyphasic approach and the studies of new rhizobial isolates. At the time of writing, about 50 species have been reported in the four main genera Rhizobium, Sinorhizobium, Mesorhizobium and Bradyrhizobium, and also in other genera including Azorhizobium, Devosia, Methylobacterium, Ochrobactrum and Phyllobacterium in the Alphaproteobacteria, as well as Burkholderia and Cupriavidus in the Betaproteobacteria (Wang et al., 2006) . As documented previously, there are more than 19 700 leguminous plant species throughout the world, but only few of them have been investigated for their microsymbionts (Allen & Allen, 1981) . As more leguminous species in divergent geographical regions are surveyed it is quite possible that more novel rhizobial species will be discovered.
As reported previously, Xinjiang is an isolated region of China, with unique geographical characteristics and climate conditions . During a survey of rhizobial resources in Xinjiang, diverse rhizobial populations and complicated relationships among the rhizobial species, host plants and geographical origin were identified. The main findings of these studies were: (i) the description of two rhizobial species, Sinorhizobium xinjiangense (Chen et al., 1988; Peng et al., 2002) and Mesorhizobium tianshanense (Chen et al., 1995) ; (ii) the recording of rhizobial populations that were genetically and phenotypically different from populations of the same species isolated from other regions (Yan et al., 2000) or strains resistant to high salinity and high pH (Wei et al., 2004) ; and (iii) the demonstration that different plants in the same geographical region could share the same rhizobial species for nodulation (Chen et al., 1995) . All of these findings implied that the rhizobial populations in Xinjiang have evolved independently and have high potential in searching for novel bacteria.
In our previous study, 111 rhizobial strains isolated from the nodules of wild legumes native to Xinjiang were characterized by using 16S rDNA restriction analysis (ARDRA) (Han et al., 2008) . The strains showed diverse genetic characteristics, among which 31 strains (Table 1) isolated from Alhagi, Astragalus, Caragana, Halimodendron, Lathyrus, Lotus, Oxytropis, Robinia, Sophora and Vicia species formed a distinctive rDNA type within the genus Rhizobium. With the aim of clarifying their taxonomic relationships, these strains were studied in the present study by using molecular methods. They were maintained in yeast mannitol agar (YMA) at 4 u C for 
Phaseolus vulgaris
Portugal temporary storage and in 20 % glycerol at 280 u C for longterm storage.
16S-23S rDNA intergenic spacer (IGS)-RFLP, which is considered to be a useful tool for investigating the relatedness of closely related rhizobial strains (Jensen et al., 1993; Laguerre et al., 1996) , was carried out using the primers FGPS1490 (Navarro et al., 1992) and FGPL1329 (Ponsonnet & Nesme, 1994 ) and the restriction endonucleases MboI, MspI and AluI. The results showed that the test strains formed a cluster with a similarity of 73 %, at which all the reference strains for recognized Rhizobium species were distinguished according to their species (see Supplementary Fig. S1 , available in IJSEM Online).
SDS-PAGE of whole-cell proteins has been used widely in rhizobial taxonomy (Diouf et al., 2000; Tan et al., 1997; Wang et al., 2007) and is suitable for use to group strains at species level. Methods described previously Wang et al., 2006) were applied to extract whole-cell proteins from the 31 test strains and to perform the SDS-PAGE analysis. The 31 strains showed 11 distinct protein patterns and formed a cluster at a similarity level of 80 % in the UPGMA dendrogram constructed with the Dice coefficient (see Supplementary Fig. S2 in IJSEM Online), which was quite different from recognized Rhizobium species. Three subclusters could be clearly observed among the test strains.
By using BOX-PCR, fingerprints can be produced that can distinguish closely related isolates, even those of the same species (Vinuesa et al., 1998; Cho & Tiedje, 2000; Healy et al., 2005; Rademaker et al., 2000) . The BOX-PCR analysis was performed by using the method described by Versalovic et al. (1994) and Nick & Lindström (1994) . Among the 31 test strains, 20 BOX patterns were generated, showing that they were not clones (see Supplementary Fig . S3 in IJSEM Online). All the test strains formed a cluster at 71 % similarity, which was obviously separated from all the reference strains in the dendrogram constructed with UPGMA and the Dice coefficient. In accordance with the results from SDS-PAGE, the strains tested formed three distinct subclusters.
Four representative strains, CCBAU 83401 T , CCBAU 83345, CCBAU 83364 and CCBAU 83523, and eight reference strains of recognized species were characterized comparatively. One hundred and five phenotypic features, including the utilization of sole carbon and nitrogen sources; resistance to antibiotics (5, 50, 100 and 300 mg ml 21 ); tolerance to NaCl (1-5.0 %, w/v); production of catalase, urease, L-phenylalaninase and oxidase; methyl blue reduction, nile blue reduction and nitrate reduction; reaction in litmus milk; and pH and temperature ranges for growth were examined using methods described previously (Gao et al., 1994) . The results showed that the four representative strains had identical features and could be differentiated from recognized Rhizobium species by several characteristics (Table 2) .
To clarify the phylogenetic position of this group of strains, strains representing the three subclusters were analysed based on the 16S rRNA gene. In this study, almostcomplete 16S rRNA gene sequences of 11 representative strains including CCBAU 83401 T , CCBAU 83333, CCBAU 83375, CCBAU 83277, CCBAU 83345, CCBAU 83319, Ampicillin (5) + + + 2 + + + Ampicillin (50) + + + 2 + + + Ampicillin (100) + + 2 2 + + + Ampicillin (300) + + 2 2 2 + + Chloramphenicol (5) + + + + 2 + + Chloramphenicol (50) + + 2 2 2 + + Chloramphenicol (100) 2 2 2 2 2 2 + Erythromycin (50) 2 2 2 2 2 2 + Kanamycin (50) + + + 2 2 + + Neomycin (50) + + + + 2 + + Streptomycin (5) + + + 2 + + + Streptomycin (50) + + 2 2 + + + Streptomycin (100) + + 2 2 2 + + Other reactions Nile blue reduction + 2 + + + + + Methyl blue reduction 2 2 + 2 + + 2 Acid production in litmus milk + + + 2 + + + Alkaline production in litmus milk2 2 2 + 2 2 2 Curd in litmus milk + 2 2 2 + 2 + CCBAU 83325, CCBAU 83364, CCBAU 83435, CCBAU 83503 and CCBAU 83523 (all of them were also included in the subsequent sequence analyses of other genes) were amplified using primers P1 and P6 (Chen et al., 1995) and sequenced directly as described by Hurek et al. (1997) . These sequences were compared with those held in the GenBank database. All sequences obtained from this work and from the GenBank database were aligned using CLUSTAL W software (Thompson et al., 1994) . The distances were calculated according to the models of Jukes & Cantor (1969) , Kimura two-parameter (Kimura, 1983) and Tajima & Nei (1984) and Tamura & Nei (1993) . Phylogenetic trees were reconstructed using the neighbour-joining (Saitou & Nei, 1987) , minimum-evolution (Rzhetsky & Nei, 1993) and maximum-parsimony (Swofford, 1993) methods. Bootstrap analysis was based on 1000 replications. All trees were analysed using the MEGA3 package (Kumar et al., 2004) . As no significant topological differences were found among the phylogenetic trees constructed using the different methods, only those trees constructed by using the neighbour-joining method after distance analysis of aligned sequences according to Jukes and Cantor model are shown (and also for the IGS and atpD, recA and glnII genes, see below). The 16S rRNA gene sequences of the 11 representative test strains were identical and therefore only strains CCBAU 83401 T , CCBAU 83345, CCBAU 83364 and CCBAU 83523 are shown in the phylogenetic trees ( Fig. 1 ; see also Supplementary Fig. S4 in IJSEM Online). These sequences showed 99.6 % similarity to the 16S rRNA gene of Rhizobium tropici IIB CIAT 899 T , 98.6 % to R. tropici IIA CFN 299, 99.2 % to Rhizobium rhizogenes LMG 150 T and 99.4 % to Rhizobium lusitanum P1-7 T .
It is generally considered that the 16S-23S rRNA gene spacer regions are more abberrant than 16S rRNA genes and are more effective for use among closely related rhizobial strains (Kwon et al., 2005) . The 11 representative strains were amplified with the same primers used in IGS-RFLP and sequenced using the method for the 16S rRNA gene. At the present time, housekeeping genes for proteincoding interspersing throughout the genome, including atpD, recA and glnII, are being used increasingly. These genes were used to investigate the phylogeny of bacteria in order to obtain information besides that using the 16S rRNA gene (Turner & Young, 2000; Gaunt et al., 2001; Maggi Solca et al., 2001; Vinuesa et al., 2005a, b; Valverde et al., 2006) . In the present study, atpD and recA genes were obtained by using the method of Vinuesa et al. (2005a, b) and the glnII gene by that of Turner & Young (2000) . The amplified sequences were sequenced and analysed as that for rrs and IGS. The sequence similarities of IGS, atpD, glnII and recA among the representative strains and reference strains are summarized in Table 3 . Phylogenetic trees for each locus are available in Supplementary Fig. S5a-d , in IJSEM Online. The results obtained confirmed the phylogenetic position of these strains within the group R. tropici-R. rhizogenes-R. lusitanum. All these results strongly suggest that this group of strains may belong to a novel species within the R. tropici-R. rhizogenes2R. lusitanum phylogenetic branch. In the present study, the 16S rRNA gene was the most conserved among all the sequenced genes or IGS and the proteincoding genes and IGS were more discriminative than the 16S rRNA gene. Considering all the sequences, the strains in the novel group formed a phyletic cluster in Rhizobium distinct from recognized species.
DNA-DNA hybridization is considered to be a standard method for use for species definition (Wayne et al., 1987; Graham et al., 1991) . In this work, strains CCBAU 83401 T , CCBAU 83345, CCBAU 83364 and CCBAU 83523 and related reference strains were chosen for DNA-DNA hybridization. Total DNA was extracted from each strain by using the method of Marmur (1961) and DNA-DNA hybridization was performed using the spectrophotometric method (De Ley et al., 1970) . The DNA-DNA relatedness among strain CCBAU 83401 T and the other three strains in the novel group ranged from 80.8 to 100 %, indicating that they represent the same genomic species. The DNA-DNA relatedness values between strain CCBAU 83401 T and R. tropici IIB CIAT 899 T , R. tropici IIA CFN 299, R. rhizogenes LMG 150 T , R. lusitanum P1-7 T , R. etli CFN 42 T and R. leguminosarum USDA 2370 T were 26.9, 27.7, 38.2, 22.6, 18.5 and 18.4 %, respectively. These results indicated that the genomic species represented by strain CCBAU 83401 T was different from recognized species based on the recommendation of a threshold value of 70 % DNA-DNA relatedness for species definition (Wayne et al., 1987; Graham et al., 1991) . The G+C content of the DNA was measured using the thermal denaturation method of Marmur & Doty (1962) , with E. coli K-12 as a standard. The DNA G+C content varied between 65.3 and 66.0 mol%, in the range for Rhizobium (Jordan, 1984) .
The symbiotic property is an important feature of rhizobia and the symbiotic genes (nod and nif) are adaptive genes that in many cases have an evolutionary history independent of the other genes in the genome (Wang et al., 2007) . The comparison of their phylogenies with those derived from housekeeping genes may reveal events of lateral gene transfer among rhizobia (Haukka et al., 1998) . In the present study, partial nodD and nifH genes of the representative strains were amplified and sequenced as described previously (Rivas et al., 2002) . Interestingly, the sequences of both nodD and nifH among all the 11 strains were identical and had 100 % sequence similarities with those of R. lusitanum P1-7
T and Devosia neptuniae J1 T , and 98.0 % with that of R. tropici IIB CIAT 899 T for nodD, and 100 % similarities with those of the three strains for nifH (see Supplementary Fig. S6 in IJSEM Online). These results demonstrated that the nodD and nifH genes might have the same origin in this novel group and the species R. lusitanum and Devosia neptuniae, and are similar to those of R. tropici.
Cross-nodulation tests were performed among the 11 representative strains with the hosts of origin or related hosts Alhagi sparsifolia, Astragalus membranaceus, Caragana korshinskii, Glycyrrhiza uralensis, Halimodendron halodendron, Lathyrus odoratus, Lotus corniculatus, Oxytropis glabra, Robinia pseudoacacia, Sophora alopecuroides, Vicia angustifolia, Vicia multicaulis, Vicia sepium, and the recommended plant species Leucaena leucocephala, Phaseolus vulgaris, Pisum sativum and Medicago sativa (Graham et al., 1991) . Only strain CCBAU 83401 T formed nodules on Robinia pseudoacacia in addition to its original host, Halimodendron halodendron. Because these strains were isolated from legumes grown in alkaline soils with high salt concentration, they may require special soil conditions to form nodules.
Based on all the results obtained in this study, we believe that the 31 strains represent a novel species of the genus Rhizobium. According to the current criteria of rhizobial species description (Graham et al., 1991; Wayne et al., 1987) , we propose a novel species, Rhizobium multihospitium, for the strains in the group. This species can be differentiated from closely related Rhizobium species by several phenotypic characteristics (Table 2 ) and fatty acid composition (see Supplementary Table S1 in IJSEM Online).
Description of Rhizobium multihospitium sp. nov.
Rhizobium multihospitium (mul.ti.ho.spi9ti.um. L. adj. multus many, numerous; L. n. hospes -itis, he who entertains a stranger, a host; N.L. gen. pl. n. multihospitium of numerous hosts, referring to the isolation of the bacterium from various legume species).
Cells are Gram-negative, aerobic, motile, non-sporeforming rods, 0.3-0.5 mm wide and 123 mm long. Colonies on YMA are circular, convex, white, opaque and usually have a diameter of 1-2 mm within 2-3 days at 28 u C. Grows on YMA with 2 % NaCl. Growth occurs at 12-37 u C and pH 5-10 on YMA. Utilizes D-amygdalin, Darabinose, calcium gluconate, meso-erythritol, D-fructose, 
